Abstract. In this paper, we present the design and implementation of a vision system for power transmission facilities detection based on UAV videos. The vision system consists of two main parts, the client part and the server part. The aim of the system is to detect the power transmission facilities in complex background. In order to achieve this aim, several novel methods are proposed for detecting the power transmission facilities which include the power line, the power tower, and the insulator. The experiment results on real image data demonstrate that the proposed methods are accurate and effective. The system is presented to demonstrate the performance of the detection methods.
Introduction
Inspection of the power transmission facilities is a challenge task for the electricity company. The power facilities mainly include the power line, the insulator, and the power tower as shown in Fig.1 . Currently, most electricity company uses the ground patrol for inspecting the power transmission facilities. Due to the fact that the scale of the power grid became more and more large, the cost of the traditional ground patrol is expensive, time-consuming and labor-intensive. Additionally, with the extreme weather event occurred frequently, the power facilities are aging and even broken easily. Therefore, the ground patrol for inspecting the power transmission facilities is not to meet the demand. A vision system plays an important role in many applications, such as tele-operation in medicine [1] , space remote manipulator [2, 3] . In this paper, we design and implement a vision system for detecting the power transmission facilities based on videos. However, few vision systems have been developed for the power transmission facilities detection. To detect the power transmission facilities, we obtained the spatial data of the power transmission facilities from the camera mounted on Unmanned Aerial Vehicles (UAVs). UAVs have several advantages for the power facilities detection. Firstly, UAVs can fly far away from facilities. Secondly, they provided a flexible and safe way to obtain spatial data from the power line corridor. Therefore, the power transmission facilities detection is an ideal application for UAVs. Our vision system functions are listed as follows: 1) Gather and store surveillance videos by UAV;
2) Detect the power line from the videos; 3) Detect the power tower from the videos; 4) Detect the insulator from the video. The rest of the paper is structured as follows. In Section II, we present the system architecture and modeling. In Section III, the detection subsystem which is the core part of our vision system is presented. Several proposed methods for the power facilities detection are described in detail. The experimental results and discussions are presented. In Section IV, we detail the data storage subsystem. We end this paper with some conclusions in section V.
System Architecture And Modeling
In order to achieve above aims, our vision system for power transmission facilities detection consists of two main parts, including the client part and the server part. The architecture of the system is shown in Fig. 2 . Specifically, the client provides some interfaces for the users. These interfaces are used to gather, manage the spatial data captured by UAVs, and display the detection results. Another important feature of the client is sending the request of the user to the server by the TCP protocol. The server is responsible for receiving and processing the request from the client. Specifically, it contains the detection subsystem and the storage subsystem. When the server receives the request from the client, some corresponding modules in the detection subsystem are called. Then the detection algorithms are executed, which includes the power line detection algorithm, the tower detection algorithm, and the insulator detection algorithm. In our vision system, to improve the performance of the system, the multi-threads technology is applied for parallel computing. Several parallel threads are launched for enforcing the different detection algorithms and other tasks. Then the detection results are stored into the database and simultaneously feed back to the client.
The Detection Subsystem
As stated above, the detection subsystem is the key part of our vision system. Power transmission facilities mainly contain the power line, the power tower, and the insulator. In our system, we developed several algorithms for detecting these facilities, which are presented as follows. 
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A. The power line detection
In the literature, there have been little methods focusing on the power line detection. Automatic power line detection from UAV videos is a difficult task, due to the fact that background of the power line in image is complicated. In [4] , the author proposed a method based on Hough transform, followed by a grouping method to link each segment, and a Kalman filter is applied to connect the segments into an entire line. In [5] , a knowledge-based power line detection for a vision based UAV surveillance and inspection system are presented. In the system, a PCNN filter is developed to remove the background noise from the image prior to the Hough transform being employed to detect straight lines. Finally, knowledge based line clustering is applied to refine the detection results. These methods are time-consuming and the procedure is complicated.
In this paper, we proposed a new method based on LSD method [6] for the power line detection. The LSD is a linear time line segment detector. It can give accurate results and requires no parameter tuning. The LSD can detect all the line segments in image. In order to detect the power line in an image, our proposed method has two steps. We firstly use the LSD method to detect the line segment in the video image from the UAVs. Secondly, based on the start point, end point and the angles of the line segment, we then use the voting method to detect the power line. The specific process is shown in p . A threshold ρ is applied for computation. When the magnitude of the points are smaller than ρ , it will be discard. Otherwise, such point will be added into the point list. In addition, according to the magnitude, the pixels in an image are classified into bins. In this way, the list starts with the pixels belonging to the bin with high gradient and ends with the pixels belonging to the bin with low gradient.
(2) Find the Start Point and End Point. For all points in the list, we use the Region Growing method to find the rectangle region. Then, using this method, the same orientation line is found in image. Furthermore, the start and end points of the line segment are calculated. The results are shown in Fig. 4 . 
B. The insulator detection
Insulators play an important role for power system safety. Thus, in our vision system, a new and efficient method is proposed for insulator detection [7] . Specifically, the detection algorithm contains four steps. The process is shown in Fig.5 : Figure 6 . The process of the insulator detection (1) Image Preprocess. In order to reduce the amount of computation, we convert the color image into the gray-scale image. Then, the gray-scale image is converted into binary image by Otsu algorithm [8] which is a classic non-parametric unsupervised adaptive threshold method. Otsu algorithm for insulator detection can be given by 0 ( , ) ( , ) 1 ( , )
where ( , ) p i j is the binary image pixel value, t is a threshold, and ( , ) b i j is the gray-scale image pixel value in i-th row and j-th column. The result is shown in Fig. 7 . 
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where n is columns of ( , ) p i j . The projection curves corresponding to the Fig. 7 are shown in Fig.  8 .
Figure 8. Projection curves of insulator images
As Fig. 8 shown, we can see that the projection curve has a peak with certain width. The border of the peak roughly presents the left and right boundaries of the insulator image. Thus, the boundaries of the insulator image are computed by
where r is rows of the image and T is a threshold. However, in practice, there are many peaks due to the noise. Therefore, a multi-threshold segmentation method is used to get the actual boundaries of the insulator image. Specifically, the projection curve is binarized by the threshold T . Then, we find the longest sequence ranged from min R to max R by the iteration equation as follows:
As stated above, the boundaries of the insulator are from min R to max R . Finally, the projection curve values between min R and max R are set to 1. The pixel values of outside the boundaries are set to 0. After locating the horizontal boundaries of insulator in image, we also use the profile projection method to get the upper and lower bounds of the insulator in image.
(3) Feature Extraction and Recognition. Some features are used to recognize the target including the color [9] , the shape [10] , and the texture [11] . We proposed a new shape feature to recognize the insulator. The shape feature derived by the projection profile curves. The curve can be binarized by threshold described as
where ( ) [0 1] d j ∈ , which value increases with j. The specific process of the feature extraction is described as follows: The feature extraction curve is shown in Fig. 9 , where 'a' is the sequence which value is 1, 'b' is the sequence which value is 0. We define five features from the feature extraction curve, which are the number of sequence similar to 'a', the number of sequence similar to 'b', the normalized variance of all the sequence similar to 'a', the normalized variance of all the sequence similar to 'b' and the quotient between the total number of sequence similar to 'a' and the total number of sequence similar to 'b'. Figure 9 . The feature curves of the insulator
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Finally, we use the SVM [12] to recognize the insulator by inputting the above eigenvectors derived by the feature curve. The results are shown in Fig. 10 . Figure 10 . The detection results of the insulator
C. The power tower detection
In this paper, we propose the projection method to detect the power transmission tower. The specific process of the projection algorithm is described as follows:
(1) We binarize the image ( )
The pixels of the image are projected into the horizontal and vertical orientation. It calculated by : 
The Data Storage Subsystem
When the power transmission facilities detection algorithms are finished, the detection results are then stored into the data storage subsystem. The specific process is shown in Fig. 1 . This subsystem is responsible for storing the images, the videos, and some information related to the system. Due to the different types of the data, two storage methods are applied for storing different data including the database and the file system. The system related information is stored into the database, e.g., the time, the location of the captured videos, GPS information, and the description information of the power facilities detection results. Due to a large amount of video data, the file system is used to store the videos, while the database is only used to store the index of the videos. In order to improve the performance of the system, we use the Oracle database to store the videos.
Conclusions
In this paper, a vision system is designed to detect the power facilities from the video sequences. Such vision system can assist the user to detect the power facilities automatically. In order to accomplish the detection, we proposed several approaches for the power facilities detection, which includes the power line, the insulator, and the power tower. The effectiveness of the proposed method is demonstrated with the experiments.
Applied Mechanics and Materials Vols. 423-426
2553
